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(57) In an optical information recording-reproduc- 
ing apparatus or method, a sum signal is gener- 
ated from a divided sensor to be used for 
auto-focus (AF) and/or auto-tracking (AT) con- 
trol. The AF servo is closed after an objective 
lens is moved to a location in the neighborhood 
of an in-focus position while working a position 
servo for an objective lens actuator using the 
sum signal. Further, the fact that a light spot is 
on a track is detected from the sum signal. If 
this fact is detected as well as the fact that a 
tracking error signal is in the neighborhood of 
zero, the AT servo is closed. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an optical data or 
information recording-reproducing method and an 
apparatus using the method. More paticularly, the 
present invention relates to an optical information re- 
cording-reproducing method and an apparatus using 
the method in whih a light spot is moved relative to a 
track of an optical information recording medium, 
while auto-tracking (AT) and auto-focusing (AF) of the 
spot relative to the recording medium are performed 
in order to record information on the medium and to 
reproduce and/or erase information recorded in the 
medium. 

Related Background Art 

Conventionally, various kinds of media, such as 
a disc card, tape or other types, have been known as 
optical information recording media. Information or 
recorded information in or from an optical information 
recording media is recorded or reproduced using a 
light beam. Among them, card-shaped optical infor- 
mation recording media (hereinafter referred to as an 
optical card) are expected to be in a great demand be- 
cause the information recording medium is small in 
size, light in weight, easy to carry and has a large re- 
cording capacity. Fig. 2 is a schematic plan view illus- 
trasting the structure of an optical card. 

In Fig. 2, an optical card 101 is provided with an 
information or data recording area 102 at both oppo- 
site ends of which track selection areas 104a and 
1 04b are formed. A plurality of information tracks 103 
are arranged in a portion of the data recording area 
102 and the track selection areas 104a and 104b. In- 
formation or data is recorded on the data tracks 103. 
Reference numeral 105 designates a home position 
of a light spot. 

The optical card 1 01 is scanned with a light beam 
that is modulated based on recording data and con- 
densed into a minute spot, and data or information is 
recorded in the optical card 101 as an array of opti- 
cally detectable record pits or a data track. 

At this time, in order to accurately record data 
without any trouble, such as the intercrossing of data 
tracks, it is necessary to control the irradiation posi- 
tion of the light spot on the optical card 101 in a di- 
rection orthogonal to a scanning direction. This con- 
trol is termed auto-tracking and will hereinafter be re- 
ferred to as AT. Further, in order to apply a light beam 
as a stable minute spot irrespective of warps of the 
optical card 101 and mechanical errors, it is neces- 
sary to control the light spot in a direction perpendic- 
ular to the surface of the optical card 101. This control 
is termed auto-focusing, and will be referred to as AF 
hereinbeiow. Those AT and AF are also needed at. the 



time of data reproduction. 

Fig. 1 shows an example of an optical information 
recording-reproducing apparatus. 

In Fig. 1, reference numeral 106 designates a mo- 

5 tor for moving the optical card 101 in the directions in- 
dicated by arrows. Reference numeral 107 designa- 
tes a light source such as a semiconductor laser. Ref- 
erence numeral 108 designates a collimator lens for 
collimating a light beam from the light source 107. 

10 Reference numeral 109 designates a beam splitter, 
and reference numeral 110 designates an objective 
lens. Reference numeral 111 designates a coil for 
tracking control. Reference numeral 112 designates a 
coil for focusing control. Reference numerals 113 and 

15 114 respectively designate condenser lenses. Refer- 
ence numerals 115 and 116 respectively designate 
photoelectric conversion elements. Reference nu- 
meral 117 designates a tracking control circuit, and 
reference numeral 118 designates a focusing control 

20 circuit. In response to instructions or commands from 
the control circuits 117 and 118, currents are caused 
to flow in the tracking coil 111 and in the focusing coil 
112 respectively. These instructions or commands 
are based on tracking and focusing signals detected 

25 by the photoelectric conversion elements 115 and 
116, and cause the objective lens 110 to be properly 
moved. Thus, AT and AF are accomplished. 

Further, reference numeral 119 designates a sys- 
tem controller for controlling the information record- 

30 ing-reproducing apparatus, and reference numeral 
120 designates a group of various control signals out- 
put from the controller 119. Although signals other 
than the control signal group 120 as shown in Fig. 1 
are output from the controller 119, they are not illu- 

35 strated in Fig. 1. There are further shown an optical 
head 121 and a driving motor 122 for moving the opt- 
ical head 121 in a direction u as indicated in Fig. 2. 

A light beam from the light source 1 07 is collimat- 
ed by the collimator lens 108, and after passing the 

40 beam splitter 109, the collimated beam is condensed 
onto the recording track of the optical card 101 bythe 
objective lens 110. Light reflected by the recording 
track is in turn passed through the beam splitters 109 
and split into two beams. These beams are respec- 

45 tively condensed onto the photoelectric conversion 
element 115, for detecting a tracking signal, and the 
photoelectric conversion element 116, for detecting a 
focusing signal, by the condenser lenses 113 and 
114. The signals obtained by the respective photo- 

50 electric conversion elements 115 and 116 function as 
a tracking error signal and a focusing error signal in 
the tracking and focusing control circuits 117 and 118 
to cause currents to flow into the tracking and focus- 
ing coils 111 and 112. Thus, the objective lens 110 is 

55 moved to achieve AT and AF. 

Fig. 3 is a schematic view showing the structure 
of the focusing control circuit 118 shown in Fig. 1. 
In Fig. 3, reference numeral 201 designates an 
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amplifier for amplifying an electric focusing signal 
from the photoelectric conversion element 116 to a 
proper voltage. Reference numeral 201 designates 
an analog switch. An output of the amplifier 201 is in- 
put into one input terminal of the analog switch 203 
while an output of an adder or summing circuit 208 is 
input into the other input terminal of the analog switch 
203 through a point C. A signal from a focusing con- 
troller 205 selects one of the input terminals of the 
analog switch 203. Reference numeral 206 designa- 
tes a circuit for generating a triangle wave and is re- 
ferred to as a TW circuit. Reference numeral 207 des- 
ignates a circuit for generating a square wave and is 
referred to as a SW circuit. The outputs of the SW and 
TW circuits are added up in the adder circuit 208. Ref- 
erence numeral 204 designates a driver, and the driv- 
er 204 causes a driving signal current to flow into the 
focusing coil 1 12, in response to a signal from the ana- 
log switch 203. Reference numeral 205 designates a 
focusing controller for controlling the entire focusing 
control circuit 118 in response to the signal 120 from 
the system controller 119. Although the signal of the 
focusing controller 205 is input solely into the analog 
switch 203 as shown in Fig. 3, signals other than that 
shown in Fig. 3 are output from the focusing controller 
205. These other signals from the focusing controller 
205 are not shown in Fig. 3. 

Figs. 4Aand 4B are respectively graphs illustrat- 
ing changes in voltages at points C and A of the fo- 
cusing control circuit 118 shown in Fig. 3. 

The draw-in or closure of a focusing servo will be 
described with reference to Figs. 3, 4A and 4B. 

Initially, as shown in Fig. 3, the A point side of the 
analog switch 203 is brought into an open state and 
the C point side thereof is brought into a closed state, 
in response to the signal D from the focusing control- 
ler 205. Hence, the objective lens 1 1 0 is moved by an 
output from the adder circuit 208. 

In the case when a portion for driving the objec- 
tive lens 110 is of a sliding type (its elastic modulas is 
negligible), a force needed to start the motion of the 
objective lens 110 (i.e., this force is a drag due to its 
static friction) is large, as compared with a force need- 
ed to continue the motion of the objective lens 110 
(i.e., this force is nearly a drag against its kinetic fric- 
tion). In this case, if the objective lens 110 was moved 
solely by the TW circuit 206, the motion of the lens 
110 would be irregular. Therefore, normally, the ob- 
jective lens 110 is moved while always being recipro- 
cated by a minute amount, using a voltage that has a 
shape as shown in Fig. 4A. This shape is produced by 
overlapping an output of the SW circuit 207 upon the 
triangle wave output of the TW circuit 206. Thus, the 
static friction is diminished. 

In the above-discussed apparatus, when the ob- 
jective lens 1 1 0 is moved and the focal point of the ob- 
jective lens 110 is nearly brought onto the surface of 
the optical card 101, a voltage at the point A varies in 
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a form of a letter S (a so-called S letter curve) as 
shown in Fig. 4B. Herein, in order to draw in or close 
the servo, the focusing controller 205 detects the fact 
that the voltage at the point A comes to zero (0) V at 
5 a time of t 5 . As a result, the focusing controller 205 
supplies the signal D to the analog switch 203 to close 
the A point side and open the C point side. Thus, the 
focusing servo is drawn in. 

Fig. 5 is a schematic view showing the structure 

w of the tracking control circuit 117 shown in Fig. 1. 

In Fig. 5, reference numeral 211 designates an 
amplifier for amplifying an electric tracking signal 
from the photoelectric conversion element 115 to a 
proper voltage. Reference numeral 213 designates 

15 an analog switch into one input terminal of which an 
output of the amplifier 211 is inputthrough a point E 
and into the other input terminal of which an output 
of a triangle wave generating circuit or TW circuit 216 
is input through a point F. One of the input terminals 

20 of the analog switch 213 is selected by a signal from 
the tracking controller 215. Reference numeral 214 
designates a driver which causes a driving signal cur- 
rent to flow into the tracking coil 111 in response to a 
signal from the analog switch 213. Reference numer- 

25 al 215 designates a tracking controller for controlling 
the entire tracking control circuit 117 in response to a 
signal 120 from the system controller 119. In Fig. 5, 
only a signal input from the tracking controller 21 5 into 
the analog switch 213 is indicated, but other signals 

30 (not shown) are also output from the tracking control- 
ler 215. 

Figs. 6Aand 6B are respectively graphs illustrat- 
ing changes in voltages at points F and E of the track- 
ing control circuit 117, shown in Fig. 5. 

35 The draw-in of the tracking servo will be descri- 

bed with reference to Figs. 5, 6A and 6B. 

Initially, as shown in Fig. 5, the E point side of the 
analog switch 213 is brought into an open state and 
the F point side thereof is brought into a closed state 

40 in response to a signal G from the tracking controller 
215. Hence, the objective lens 110 is moved by an 
output from the TW circuit 216. 

In the above-discussed apparatus, when the ob- 
jective lens 11 0 is moved and the light spot intersects 

45 the track of the optical card 1 01 , a signal E varies in 
a form of a letter S (a so-called S letter curve) as 
shown in Fig. 6B. Herein, the light spot is located on 
the track at a time of to at which the signal E initially 
becomes zero after this signal has passed a voltage 

so of +V th . Therefore, the tracking servo can be drawn 
in by the tracking controller 215 detecting such a fact 
and then supplying the signal G to the analog switch 
21 3 to close the E point side and open the F point side 
thereof. 

55 The above-described prior art apparatus, how- 

ever, has the following drawbacks: 

First, in the draw-in of the focusing servo, if vibra- 
tions are imparted from outside at the time of the 
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draw-in, the objective lens 110 is vibrated and the rel- 
ative speed between the objective lens 110 and the 
optical card 101 becomes great at t 5 . Therefore, even 
if the servo is closed, the light spot deviates from an 
in-focus state. 5 

Second, in the draw-in of the tracking servo, if vi- 
brations are imparted from outside at the time of the 
draw-in, the objective lens 110 is swayed relatively to 
the optical card 101. Further, after the signal E has 
passed +V th , the light spot is reversely moved due to 10 
the vibrations, as shown by an arrow in Fig. 7, and the 
signal E becomes zero at a position ^ where the light 
spot is derailed from the track. Therefore, the servo 
is closed at this point, and as a result, AT cannot be 
drawn in at a regular draw-in position. 15 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
an optical information recording-reproducing method 20 
and an apparatus using the method in which an ac- 
curate draw-in of a servo is achieved at the time of 
draw- in of a focusing or tracking servo, even if vibra- 
tions are imparted from outside. 

The object is attained by an optical information re- 25 
cording-reproducing method in which a light spot is 
applied through an objective lens onto an optical in- 
formation recording medium and the light spot is 
moved relative to the recording medium while focus- 
ing control is conducted so that at least one of record- 30 
ing, reproducing and erasing of information is effect- 
ed on the recording medium and which includes a 
step of receiving light reflected from the recording 
medium by a divided sensor, a step of adding up at 
least a portion of output signals of the divided sensor 35 
to generate a sum signal, a step of moving the objec- 
tive tens in its optical axis direction with a position ser- 
vo, which is operative in accordance with the sum sig- 
nal, at the time of a draw-in of the focusing control and 
a step of operating the focusing control after the mov- 40 
ing step of the objective lens. 

Further, the object is attained by an optical infor- 
mation recording-reproducing method in which a light 
spot is applied through an objective lens onto an opt- 
ical information recording medium, which has a plur- 45 
ality of tracks, and the light spot is moved relative to 
the recording medium while tracking control is con- 
ducted so that at least one of recording, reproducing 
and erasing of information is effected on the record- 
ing medium and which includes a step of receiving so 
light reflected from the recording medium by a divided 
sensor, a step of adding at least a portion of output 
signals of the divided sensor to generate a sum sig- 
nal, a step of detecting whether the light spot is locat- 
ed on one of the tracks, using the sum signal, at the 55 
time of a draw-in of the tracking control, a step of gen- 
erating a tracking error signal in accordance with the 
output signals of the divided sensor, a step of compar- 
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ing the tracking error signal with a predetermined val- 
ue and a step of operating the tracking control based 
on a comparison result obtained in the comparing 
step and a detection result obtained in the detecting 
step, at the time of the draw-in of the tracking control. 

Further, the object is attained by an optical infor- 
mation recording-reproducing apparatus in which a 
light spot is applied through am objective lens onto an 
optical information recording medium and the light 
spot is moved relative to the recording medium while 
focusing control is conducted so that at least one of 
recording, reproducing and erasing of information is 
effected on the recording medium and which compris- 
es a divided sensor for receiving light reflected from 
the recording medium and for producing output si- 
gals, adding means for receiving the output signals 
from the divided sensor and for adding at least a por- 
tion of the output signals to generate a sum signal, 
driving signal generating means for generating a pre- 
determined driving signal for moving the objective 
lens in its optical axis direction, a position servo circuit 
for receiving the sum signal and the drive signal and 
for moving the objective lens in its optical axis direc- 
tion in accordance with these signals and for gener- 
ating a position servo circuit control signal, focusing 
er ror s ig nal generating means for receiving t he output 
signals of the divided sensor and for generating a fo- 
cusing error signal in accordance with the output sig- 
nals, a focusing control circuit for receiving the focus 
error signal and for driving the objective lens so that 
the light spot is in an in-focus state on the recording 
medium and for generating a focusing control circuit 
control signal, and selecting means for receiving the 
position servo circuit and focusing control circuit con- 
trol signals and for rendering inoperative the focusing 
control circuit when the position servo circuit is oper- 
ative, while rendering inoperative the position servo 
circuit when the focusing control circuit is operative, 
at the time of a draw-in of the focusing control. 

Further, the object is attained by an optical infor- 
mation record ing- re producing apparatus in which a 
light spot is applied through an objective lens onto an 
onto an optical information recording medium, which 
has a plurality of tracks, and the light spot is moved 
relative to the recording medium while a tracking con- 
trol is conducted so that at least one of recording, re- 
producing and erasing of information is effected on 
the recording medium and which comprises a divided 
sensorfor receiving light reflected from the recording 
medium and for producing output signals, sum signal 
generating means for receiving the output from said 
divided sensor and for adding at least a portion of the 
output signals to generate a sum signal, tracking error 
signal generating means for generating a tracking er- 
ror signal in accordance with the output signals of the 
divided sensor, a tracking control circuit for receiving 
the sum signal and the tracking error signal and for 
moving the objective lens so that the light spot is lo- 
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cated on the track in accordance with these signals, 
detecting means for receiving the sum signal and for 
detecting if the light spot is located on the track in ac- 
cordance with the sum signal and for generating a de- 
tection result, comparing means for receiving the 5 
tracking error signal and for comparing the tracking 
error signal with a predetermined value and for gen- 
erating a comparison result, and control means for 
making operative the tracking control circuit based on 
the comparison result obtained by the comparing 10 
means and the detection result obtained by the de- 
tecting means, at the time of a draw-in of the tracking 
control. 

These advantages and others will be more read- 
ily understood in connection with the following de- 15 
tailed description of the preferred embodiments taken 
in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Fig. 1 is a schematic view showing the structure 
of a prior art optical information recording- reproduc- 
ing apparatus. 

Fig. 2 is a plan view of an optical card. 

Fig. 3 is a view showing the structure of a focus- 25 
ing control circuit of the apparatus shown in Fig. 1. 

Figs. 4A and 4B are respectively graphs illustrat- 
ing changes in signals at different points of the circuit 
illustrated in Fig. 3. 

Fig. 5 is a view showing the structure of a tracking 30 
control circuit of the apparatus shown in Fig. 1. 

Figs. 6Aand 6B are respectively graphs illustrat- 
ing changes in signals at different points of the circuit 
shown in Fig. 5. 

Fig. 7 is a graph explaining the problem of the cir- 35 
cuit shown in Fig. 5. 

Fig. 8 is a view showing a first embodiment of an 
optical information recording-reproducing method 
and an apparatus using the method according to the 
present invention. 40 

Figs. 9A, 9B and 9C are respectively graphs illus- 
trating changes in signals at different points of the ap- 
paratus shown in Fig. 8. 

Figs. 1 0A, 10B, 10Cand 10D are respectively tim- 
ing charts of different signals in the appparatus 45 
shown in Fig. 8. 

Fig. 11 is a view showing a fourth embodiment of 
an optical information record ing- re producing method 
and an apparatus using the method according to the 
present invention. so 

Figs. 12A, 12B, 12C, 12D, 12E and 12F are re- 
spectively timing charts of different signals in the app- 
paratus shown in Fig. 11. 

Fig. 13 is a view showing a sixth embodiment of 
an optical information recording-reproducing method 55 
and an apparatus using the method according to the 
present invention. 

Fig. 14 is a view showing a seventh embodiment 
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of an optical information recording-reproducing meth- 
od and an apparatus using the method according to 
the present invention. 

Fig. 15 is a view illustrating a positional relation 
between light spots and tracks in the seventh em- 
bodiment. 

Figs. 16A, 16B, 16C and 16D are respectively 
graphs illustrating changes in signals at different 
points of the apparatus shown in Fig. 14. 

Fig. 17 is a view showing an eighth embodiment 
of an optical information record ing- re producing meth- 
od and an apparatus using the method according to 
the present invention. 

Figs. 18A, 18B, 18C, 18D and 18E are respec- 
tively graphs illustrating changes in signals at differ- 
ent points of the apparatus shown in Fig. 17. 

Fig. 19 is a view showing a ninth embodiment of 
an optical information recording-reproducing method 
and an apparatus using the method according to the 
present invention. 

Fig. 20 is a view illustrating a positional relation 
between light spots and tracks in the ninth embodi- 
ment. 

Figs. 21 A, 21 B and 21C are respectively graphs 
illustrating changes in signals at different points of the 
apparatus shown in Fig. 19. 

Fig. 22 is a view illustrating timing charts of dif- 
ferent signals in the appparatus shown in Fig. 19. 

Fig. 23 is a view illustrating timing charts ofdif- 
ferent signals in the appparatus shown in Fig. 19. 

Fig. 24 is a view illustrating a positional relation 
between light spots and tracks in the thirteenth^em- 
bodiment. 

Fig. 25 is a graph illustrating changes in signals 
at different points of the thirteenth embodiments 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

First Embodiment 

A preferred first embodiment according to the 
present invention will be described with reference to 
Figs. 8, 9A-9C and 10A-10D. Fig. 8 shows the struc- 
ture of a focusing control circuit for an optical informa- 
tion recording-reproducing method and an apparatus 
using the method of the present invention. Figs. 9A- 
9C and 10A-10D are respectively timing charts of the 
focusing control circuit shown in Fig. 8. 

In Fig. 8, reference numeral 305 designates a fo- 
cusing control circuit, reference numeral 301 designa- 
tes a subtracter circuit, reference numeral 302 desig- 
nates an adder or summing circuit, reference numeral 
303 designates another subtracter circuit and refer- 
ence numeral 304 designates a focusing controller. 

Initially, when an objective lens 110 is moved rel- 
ative to an optical card 101, from a position close or 
near thereto, to a position remote or far therefrom, 
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passing an in-focus state or position, signals S,+S A 
and S 2 +S 3 of a photoelectric conversion element (div- 
ided sensor) 116, its sum signal I and its difference 
signal H respectively vary as illustrated in Figs. 9A, 9B 
and 9C. When the objective lens 110 is positioned 5 
close to the optical card 1 01 , signals St+S 4 and S 2 +S 3 
are respectively equal to zero (0) and the sum signal 
I and the difference signal H are also equal to zero (0). 
Then, as the objective lens 110 approaches the in-fo- 
cus state, the signals and S 2 +S 3 vary, as 10 
shown in Fig. 9A, the sum signal I increases and the 
difference signal H is changed to a negative (-) side. 
In the in-focus state of the objective lens 110, the sum 
signal I becomes maximum and the difference signal 
H comes to zero (0) again. In the state of the objective 15 
lens 110 being far from the optical card 101, the sum 
signal I decreases and the difference signal H de- 
creases after having increased to a positive (+) side. 

The AF servo draw-in process of the first embodi- 
ment will be described with reference to Figs. 10A- 20 
10D. It is assumed that initially the objective lens 110 
is close to the optical card 1 01 , that the analog switch 
203 selects the sum signal I prior to a time of ts, as 
shown in Fig. 8 and Fig. 10C, and that the AF control 
circuit 305 is under a condition wherein the sum signal 25 
[ is used to work or operate a position servo. Then, at 
a time of tjn Fig. 10B, the focusing controller 304 be- 
gins to gradually increase the level of a reference sig- 
nal K from zero (0) in order to move the objective lens 
110 to the in-focus position. The level signifies a vol- 30 
tage level. As a result, since the sum signal [ is used 
and the position servo works as described above, the 
objective lens 110 begins to move and the sum signal 
I also gradually increases similar to the reference sig- 
nal K. As shown in Fig. 9B, the increase of the sum 35 
signal [signifies that the objective lens 110 is moving 
from the close state to the in-focus state. At this time, 
any amount of movement of the objective lens 110, 
due to the vibrations from outside is very small be- 
cause the position servo using the sum signal \ is 40 
working. 

The focusing controller 304 detects, at a time tc, 
a zero-cross detection (i.e., the fact that the differ- 
ence signal H reaches zero (0) from the negative (-) 
side as shown in Fig. 10D, or that the objective lens 45 
110 reaches the in-focus state), and the analog 
switch 203 selects the difference signal H in response 
to a signal J (see Fig. 1 0A) from the focusing control- 
ler 304. Thus, a position servo using the difference 
signal H, or AF servo state is established, and the 50 
draw- in of the AF servo is achieved. 

Second Embodiment 

As illustrated in Fig. 9 of the first embodiment, a 55 
case where the inclination of the sum signal [, in the 
vicinity of in-focus state, greatly differs from that of 
the difference signal H, may occur depending on the 



293 A2 




5 



structures of the optical system and the electric circuit 
of an optical information recording-reproducing appa- 
ratus. If the servo gain of the servo using the sum sig- 
nal I differs from that of the servo using the difference 
signal H, bringing forth inconveniences, then both 
servo gains can be made equal to each other by a 
method in which the amplification factor of the sub- 
tracter circuit 303 is changed over, using the signal J 
from the focusing controller 304, or other methods. 

Third Embodiment 

In the first embodiment, the timing at which the 
servo is switched over using the different signal H is 
a time at which the difference signal H comes to zero 
(0). However, other timings can be utilized. 

For example, the same effect or technical advan- 
tage can also be obtained by switching over the kind 
of servo when the difference signal H gets to -V th , as 
shown in Fig. 9C. In particular, in a case where the in- 
clination of the sum signal [ becomes extremely small 
near the in-focus state as shown in Fig. 9B, the servo 
gain of the position servo using the sum signal \ is 
small in this area, while the amount of movement of 
the objective lens 110, due to the vibrations from out- 
side, is large. In such a case, the method of the third 
embodiment is effective. 

Fourth Embodiment 

In the first embodiment, the position servo state 
using the sum signal \ is directly switched to the pos- 
ition servo using the difference signal H, but the man- 
ner of change is not limited to direct switching to the 
difference signal H. After the objective lens 110 is 
moved to the neighborhood of the in-focus state by 
the position servo using the sum signal I, a predeter- 
mined constant current may be caused to flow into 
the focusing coil 112 to move the objective lens 110 
to the in-focus state. 

The fourth embodiment will be described in detail 
with reference to Figs. 11 and 12. 

Fig. 11 is a schematic view showing the structure 
of a focusing control circuit 305. Fig. 1 2 shows various 
timing charts of the focusing control circuit 305 shown 
in Fig. 11. 

In Fig. 11, reference numeral 401 designates an 
analog switch and reference numeral 402 designates 
a driver. 

Prior to a time of tc, the position servo state using 
the sum signal I operates similar to the first embodi- 
ment. 

When the fact that the difference signal H reach- 
es a value of - V s at a time of is detected, the change 
of the reference signal K (see Fig. 12C) is terminated. 

Then, the analog switch 401 selects a signal O in 
accordance with a signal P at a time of t a (see Figs. 
12B and 12D). At the same time, the focusing control- 
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ler 304 changes the signal O from zero (0) to a neg- 
ative voltage. Hence, a current flows into the focusing 
coil 112 and the objective lens 110 is moved toward 
the in-focus position. At a time of tc, the fact that the 
difference signal H comes to zero(0) is detected, and 5 
the output of the driver 306 is selected by the analog 
switch 401 in response to the signal P. As a result, the 
position servo using the difference signal H or the AF 
servo state is established. Thus, thedraw-inof the AF 
servo is achieved. w 

The negative voltage mentioned above is prefer- 
ably a value that is reached by adding a constant val- 
ue to a current value, which flows into the focusing 
coil 112, during a period between and t a , in consid- 
eration of possible vibrations. 15 

This method is effective similar to the third em- 
bodiment, in a case where the inclination of the sum 
signal I is very small at the in-focus position. In the 
fourth embodiment, the servo is in an open state dur- 
ing a period between a time when the difference sig- 20 
nal H reaches a value of -V s and a time thereafter 
when the difference signal H reaches zero (0). This 
distance or period is only around several tens of mi- 
crons. Therefore, influences are small even if vibra- 
tions are imparted from outside. 25 

Fifth Embodiment 

In the first embodiment, an astigmatism method 
in which an S-shaped curve is obtained is adopted, 30 
but other methods can be applied. An off-axis method 
and so forth can also be applied to the present inven- 
tion. 

Sixth Embodiment 35 

Although the servo is caused to be operative us- 
ing the sum signal I of the sensor 116 for AF in the first 
embodiment, other methods can be utilized. If the ap- 
paratus performs AT, the same effect can be obtained 40 
by using a sum signal of the sensor 115 for AT. 

Fig. 13 shows the schematic structure of a focus- 
ing control circuit of the sixth embodiment. In Fig. 13, 
reference numeral 115 designates a photoelectric 
conversion element, and AT is conducted by using the 45 
output signal of the photoelectric conversion element 
115. In the sixth embodiment, signals S 5 and S 6 of two 
sensors within the photoelectric conversion element 
115 are added in the adder circuit 302. A signal ^ is 
used to move the objective lens 11 0 to the neighbor- 50 
hood of the in-focus position, similar to the first em- 
bodiment. At this time, the signal ^varies similar to 
the sum signal I shown in Fig. 9B of the first embodi- 
ment, so that the same effect can be obtained. 

55 

Seventh Embodiment 

In the first embodiment, in order to operate the 



servo, the sum signal of the sensor that receives re- 
flected light of a light spot, to be used in the astigma- 
tism method is used, but the servo operation is not 
limited thereto. For example, in an apparatus in which 
three light spots are applied to the recording medium 
and the AF signal is obtained from the center spot 
while the AT signal is obtained from the two spots 
both at opposite ends (i.e., a so-called three-spot 
method), it is effective to operate the servo by using 
the sum signal of the sensors that receive reflected 
lights from the three light spots. In particular, when 
this method is adopted, even if one spot is scanned 
on the recorded pit array or the tracking track for AT, 
the change in an amount of the sum signal is reduced 
to a third, and thus a noise component is diminished. 

The seventh embodiment will be described in de- 
tail with reference to Figs. 14, 15 and 16A-16D. Fig. 
14 is a view showing the schematic structure of a fo- 
cusing control circuit 305. In this structure, signals of 
the sensors 115 and 116, corresponding to three light 
spots, are added by an adder circuit 302. Fig. 15 
shows a positional relation between three spots and 
tracking tracks. Figs. 16A-16D show sensor signals 
corresponding to the three spots and the sum signal 
of the three. 

As shown in Fig. 15, when viewed from left to 
right, the three spots A, B and C respectively corre- 
spond to signals Se, S 1 +S 2 +S 3 +S 4 , and S5. 

Respective signals at the time when the three 
spots are scanned in a direction X on tracking tracks 

T2 and T3 become a half (1/2) when they are posi- 
tioned right on the tracking tracks. Figs. 15 and 16A- 
D respectively show the in-focus state. 

In the position X, shown in Figs. 15 and 16, spots 
A and C are respectively half located on the tracking 
tracks Tg and ]V Therefore, signals S© and S5 respec- 
tively become a value of three quarters. The spot B 
is not brought into contact with the tracking track. 
Thus, the signal S 1 +S 2 -»-S3+S4 is equal to one (1). 
Similarly, in the position X2, 3^82+33+34 is equal to 
1/2, and S5 and Se are respectively equal to 1, while 
in the position X3, §5 is equal to 1 /2, and ST+S2+S3+S4 
and Se are respectively equal to 1 . 

As shown in Fig. 16D, the change in an amount 
of a signal ST+S2+S3+S4+S5+S6 , which is the sum 
signal of the sensors 115 and 116 and corresponds 
to the three spots, is 1/6, while as shown in Figs. 16A- 
1 6C, the changes in amounts of Si+^+Ss+S^, S5 and 
S 6 are respectively 1/2. Thus, the former is a third of 
the latter. Therefore, as discussed above, this meth- 
od is effective in decreasing a noise component. 

Eighth Embodiment 

In the seventh embodiment, all signals of the 
sensors 115 and 116 are added, butthe method is not 
limited to this manner. 

As shown in Fig. 17, S 2 +S 3 , S 5 and S 6 may be 
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added. In this case, the signals vary as illustrated in 
Figs. 18A-18E. As explained in the fourth embodi- 
ment, the objective lens 110 is moved to a position 
by the position servo that uses a sum signal I3. After 
that, similar to the fourth embodiment, the objective 
lens 110 is moved toward the in-focus position by a 
constant current flowing into the focusing coil 112. 

The feature of this method is that the decrease 
in inclination of the sum signal I3 is small up to the 
position Xd, and thus the effect of the fourth embodi- 
ment can be obtained. Since the signal correspond- 
ing to a plurality of spots is used, the effect of the sev- 
enth embodiment can also be obtained. 

Ninth Embodiment 

The ninth embodiment will be described with ref- 
erence to Figs. 19 to 23. Fig. 19 is a view showing the 
schematic structure of a tracking control circuit 311 
that is a particular portion of an optical information re- 
cording-reproducing method and an apparatus using 
the method of the present invention. Figs. 20, 21A- 
21 C, 22 and 23 respectively illustrate timing charts of 
the tracking control circuit 311 shown in Fig. 19. 

In Fig. 19, reference numeral 311 designates a 
tracking control circuit, and reference numeral 312 
designates a subtracter circuit. Reference numeral 
313 designates an adder circuit, and reference nu- 
meral 314 designates a comparator circuit. Reference 
numeral 315 designates a tracking controller and ref- 
erence numeral 316 designates an AND circuit. 

Fig. 20 shows a positional relation between the 
optical card 101 and light spots. In Fig. 20, RW 1 and 
RW 2 respectively designate recording-reproducing 
tracks on the optical card 101 and T^, T2 and T3 re- 
spectively designate tracking tracks on the optical 
card 101 . Further, the spot Lq is a spot for recording- 
reproduction and AF, and spots (signal S 2 ) and Lg 
(signal are two spots for AT. The recording- re pro- 
duction are performed by positioning the spot Lp_ on 
the position X ON1 , namely, on the recording-reproduc- 
ing track RWy At this time, a part of the spot Lj^ is on 
the tracking track while a part of the spot L2 is on 
the tracking track T^- 

When the objective lens 110 is moved relative to 
the optical card in a tracking direction, the signals Sj_ 
and S2 of the photoelectric conversion element 115 
(divided sensor) vary. The sum signal L and the dif- 
ference signal E vary as shown in Figs. 21 A-21C. 

The draw-in of AT servo is conducted according 
to a process shown in Fig. 22. Prior to a time of to, an 
analog switch 213 selects a triangle wave signal F 
from a triangle wave generating circuit or TW circuit 
320 as shown in Fig. 19, and the objective lens 110 
is moved in the tracking direction. 

Then, at a time of t 1t the sum signal L beromes 
smaller than a comparison voltage +V AD0 , and hence 
the output signal M of the comparator circuit 314, 



shown in Fig. 1 9, becomes equal to TH J. The tracking 
controller 315 detects the point where the difference 
signal E reaches zero (0), and the controller 315 
changes the signal G to THJ at a time of t 2 . At this 

5 time, the output signal N of the AND circuit 316 also 
changes to THJ since the signal M is also equal to 
l~HJ. Hence, the analog switch 213 is switched to the 
E side to operate the AT servo. Thus, the draw-in of 
AT servo is achieved. 

10 Figs. 21A-C and 23 show what occurs when vi- 

brations are imparted from outside. The sum signal L 
is smaller than the comparison voltage +V A00 at a 
time of t 1t and hence the signal M of the comparison 
circuit 314 comes to l~HJ. If, however, the vibration 

15 occurs at a time of t 2 and the objective lens 110 is 
swayed in a reverse direction, the spot is detailed 
from the track and the sum signal L is larger than 
+V AD0 at a time of t 3 . Then, the difference signal E 
comes to zero (0) at a time of t*. In the prior art appa- 

20 ratus, the AT servo is erroneously made operative at 
this time. In the ninth embodiment, however, since 
the sum signal L is larger than +V AD0 at this time, the 
signal M is equal to TLJ. Therefore, the signal N is 
also equal to TLJ, and the servo is not yet made op- 

25 erative and hence the objective lens 110 continues to 
be moved. At a time of t 5 , the spot is positioned on the 
track, and hence the signal M has already come to 
TH J and the difference signal E comes to zero (0). At 
this point, the AT servo is correctly made operative, 

30 and the draw-in of the AT servo is accurately attained. 

Tenth Embodiment 

In the ninth embodiment, the comparison of the 
35 sum signal is conducted using hardware, but this may 
be achieved using a CPU or software. 

Eleventh Embodiment 

40 In the ninth embodiment, the generation of the 

difference and sum signals is conducted using hard- 
ware, but this may be achieved using a CPU or soft- 
ware. 

45 Twelfth Embodiment 

in the ninth embodiment, the comparison level 
+ V AD d of the sum signal is described as a fixed value, 
but this level is not limited thereto. For example, when 
50 the objective lens 110 is moved in a tracking direction, 
at a stage prior to the draw-in of AT servo, maximum 
and minimum values of the sum signal are stored and 
the comparison level may be set to a value that is 
equal to a center value between these stored values. 

55 

Thirteenth Embodiment 

In the twelfth embodiment, the maximum and 
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minimum values of the sum signal are stored, but 
other methods may be adopted. Another example will 
be described as a thirteenth embodiment. 

Similarto Fig. 21 of the ninth embodiment, Fig. 25 
shows signals S± and S2, sum signal Land difference 5 
signal E, which are respectively signals of the photo- 
electric conversion element 115, when the objective 
lens 110 is moved relative to the optical card 101 in 
the tracking direction. 

This example is different from Fig. 21 in that the 10 
phase of the signal §2 differs from the phase of the 
signal The reason therefor is explained by the 
positional relation between the optical card 101 and 
spots illustrated in Fig. 24. The angle 0 between the 
track and the line connecting the three spots comes 15 
to 9' and the degree of engagement of the spots Lj^ 
and L2 with the tracks Tj_ and T2 at the time when the 
spot U is in the position X 0N1 differs^as compared 
with that of Fig. 20. This is possible due to the design 
or skew of the optical card 101. 20 

In such a case, if +V ADD is set to a center value 
between maximum and minimum values as in the 
twelfth embodiment, the value is equal to (max- 
min)/2 indicated at the right side of the sum signal L 
in Fig. 25. In this state, a value of the sum signal L is 25 
larger than (max-min)/2 even at the position X ON1 , 
which is on the track, and therefore, the problem oc- 
curs in that the AT servo is not closed. In this case, 
the sum signal L is stored only at on-track and off- 
track times without always being stored. As shown at 30 
the left side of Fig. 25, the difference signal E is equal 
to zero (0) at the position X ON1 (on-track time) and the 
position X OFF i (off-track time). Therefore, if the sum 
signal L is stored solely when the difference signal E 
is equal to zero (0), its maximum and minimum values 35 
are respectively equal to max ' and min ' as shown at 
the left side of Fig. 25. As a result, the center value 
becomes equal to (max' -min' )/2 which is indicated at 
the left side of Fig. 25. Thus, the AT servo can be 
closed at the regular position X ON1 since the value of 40 
the sum signal L is smaller than (max' -min' )/2 at the 
position X QN1 that is on the track. 

Fourteenth Embodiment 



In the thirteenth embodiment, +V ADD is made 
equal to a center value between maximum and mini- 
mum values, but the value of +V ADD is not limited 
thereto. 

Fifteenth Embodiment 



45 



50 



In the ninth embodiment, the sum signal of the AT 
sensor is used for comparison, but other signals may 
be used In the apparatus in which three spots are ap- 55 
plied to the medium and AF and AT signals are re- 
spectively obtained from the center spot and the 
other two spots at both ends, as shown in Fig. 20, the 



same effect can be obtained by comparing signals of 
the sensor that receives a reflected light from the 
center spot to be used for AF. 

Sixteenth Embodiment 

In the ninth embodiment, an example in which 
the sum signal is reduced when the spot is located on 
the track, is shown, but other cases are possible. The 
same effect of the present invention can be obtained 
also in a case where the sum signal increases when 
the spot is on the track. 

As described in the foregoing, according to the 
present invention, the draw-in of AF and AT can be ac- 
curately achieved even in a state in which vibrations 
are imparted from outside. 

The individual components shown in outline or 
designated by blocks in the Drawings are all well- 
known in the information recording-reproducing arts 
and their specific construction and operation are not 
critical to the operation or best mode for carrying out 
the invention. 

While the present invention has been described 
with respect to what is presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. 
The present invention is intended to cover various 
modifications and equivalent arrangements included 
within the sprit and scope of the appended' claims. 



Claims 

1. An optical information recording -re producing 
method in which a light spot is applied through an 
objective lens onto an optical information record- 
ing medium and the light spot is moved relative 
to the recording medium while focusing control is 
conducted so that at least one of recording, repro- 
ducing and erasing of information is effected on 
the recording medium, said method comprising 
the steps of: 

receiving light reflected from the recording 
medium by a divided sensor 

adding up at least a portion of output sig- 
nals of the divided sensor to generate a sum sig- 
nal; 

moving the objective lens in its optical axis 
direction with a position servo, which is operated 
in accordance with the sum signal, at the time of 
a draw-in of the focusing control; and 

operating the focusing control after said 
moving step. 

2. An optical information recording-reproducing 
method according to claim 1, further comprising 
the steps of: 

generating a focusing error signal from the 
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output signals of the divided sensor; 

comparing the focusing error signal with a 
predetermined value; and 

stopping movement of the objective lens 
while the position servo is operative, based on a 5 
result of said comparing step. 

3. An optical information recording- re producing 
method in which a light spot is applied through an 
objective lens on to an optical information record- w 
ing medium, which has a plurality of tracks, and 

the light spot is moved relative to the recording 
medium while tracking control is conducted so 
that at least one of recording, reproducing and 
erasing of information is effected on the record- 15 
ing medium, said method comprising the steps 
of: 

receiving light reflected from the recording 
medium by a divided sensor; 

adding at least a portion of output signals 20 
of the divided sensor to generate a sum signal; 

detecting whether the light spot is located 
on one of the tracks, using the sum signal, at the 
time of a draw-in of the tracking control; 

generating a tracking error signal in accor- 25 
dance with the output signals of the divided sen- 
sor; 

comparing the tracking error signal with a 
predetermined value; and 

operating the tracking control based on a 30 
comparison result obtained in said comparing 
step and a detection result obtained in said de- 
tecting step, at the time of the draw-in of the 
tracking control. 

35 

4. An optical information recording-reproducing 
method according to claim 3, wherein the prede- 
termined value is equal to zero. 

5. An optical information recording-reproducing ap- 40 
paratus in which a light spot is applied through an 
objective lens onto an optical information record- 
ing medium, and the light spot is moved relative 

to the recording medium while focusing control is 
conducted so that at least one of recording, repro- 45 
ducing and erasing of information is effected on 
the recording medium, said apparatus compris- 
ing: 

a divided sensor for receiving light reflect- 
ed from the recording medium and for producing so 
output signals; 

adding means for receiving the output sig- 
nals from saint divided sensor and for adding at 
least a portion of the output signals to generate 
a sum signal; 55 

driving signal generating means for gener- 
ating a predetermined driving signal for moving 
the objective lens in its optical axis direction; 



a position servo circuit for receiving the 
sum signal and the drive signal and for moving 
the objective lens in its optical axis direction in ac- 
cordance with these signals and for generating a 
position servo circuit control signal; 

focusing error signal generating means for 
receiving the output signals of said divided sen- 
sor and for generating a focusing error signal in 
accordance with the output signals; 

a focusing control circuit for receiving the 
focus error signal and for driving said objective 
lens so that the light spot is in an in-focus state 
on the recording medium and for generating a fo- 
cusing control circuit control signal; and 

selecting means for receiving the position 
servo circuit and focusing control circuit control 
signals, and for rendering inoperative said focus- 
ing control circuit when said position servo circuit 
is operative, while rendering inoperative said pos- 
ition servo circuit when said focusing control cir- 
cuit is operative, at the time of a draw- in of the fo- 
cusing control. 

6. An optical information recording-reproducing ap- 
paratus in which a light spot is applied through an 
objective lens onto an optical information record- 
ing medium, which has a plurality of tracks, and 
the light spot is moved relative to the recording 
medium while a tracking control is conducted so 
that at least one of recording, reproducing and 
erasing of information is effected on the record- 
ing medium, said apparatus comprising: 

a divided sensor for receiving light reflect- 
ed from the recording medium and for producing 
output signals; 

sum signal generating means for receiving 
the output signals from said divided sensor and 
for adding at least a portion of the output signals 
to generate a sum signal; 

tracking error signal generating means for 
generating a tracking error signal in accordance 
with the output signals of said divided sensor; 

a tracking control circuit for receiving the 
sum signal and the tracking error signal and for 
moving the objective lens so that the light spot is 
located on the track in accordance with these sig- 
nals; 

detecting means for receiving the sum sig- 
nal and for detecting if the light spot is located on 
the track in accordance with the sum signal and 
for generating a detection result; 

comparing means for receiving the track- 
ing error signal and for comparing the tracking er- 
ror signal with a predetermined value and for gen- 
erating a comparison result; and 

control means for making operative said 
tracking control circuit based on the comparison 
result obtained by said comparing means and the 
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detection result obtained by said detecting 
means, at the time of a draw-in of the tracking 
control. 

7. An optical information recording-reproducing ap- 5 
paratus according to claim 6, wherein the prede- 
termined value is equal to zero. 

8. An optical recording and/or reproducing appara- 
tus including: 10 

means for directing a light beam onto an 
optical recording medium; divided sensor means 
for sensing light reflected from a plurality of re- 
gions of the recording medium; and 

means for using signals indicative of the 15 
output of the sensor means resulting from light re- 
flected from at least two regions to control the fo- 
cussing and/or the tracking of the light beam on 
the recording medium. 

20 

9. An optical recording and/or reproducing method 
including the steps of: 

directing a light beam onto an optical re- 
cording medium; 

sensing light reflected from a plurality of 25 
regions of the recording medium; and 

using signals indicative of the sensed light 
from at least two regions to control the focussing 
and/or the tracking of the light beam on the re- 
cording medium. 30 
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